The title compound, C 23 H 18 FNO 4 , crystallized as a racemate. It exhibits a cis conformation with respect to the F atom and the methine H atom. The piperidine ring has a screw-boat conformation. The methoxyphenyl ring and the phenyl ring are inclined to the mean plane of the isoquinoline ring system by 89.85 (4) and 46.62 (5) , respectively, and by 78.15 (5) to one another. In the crystal, molecules are linked by an O-HÁ Á ÁO hydrogen bond forming chains propagating along the a-axis direction. The chains are linked by C-HÁ Á ÁF hydrogen bonds, forming layers lying parallel to the ab plane.
Chemical context
Several decades ago, Cushman et al. (1977) described a general synthesis of 4-carboxy-3,4-dihydroisoquinolin-1(2H)-ones by a condensation reaction of various aldimines with homophthalic anhydride. In most cases, a mixture of trans and cis diastereomers was obtained. As the trans isomer is the thermodynamically more stable product, it was possible to epimerize the cis compound completely to the more stable isoform. Accordingly, Haimova et al. (1977) reported the isolation of the pure thermodynamic product after the treatment of the reaction mixture with 10% NaOH solution.
Combined synthesis conditions resulted in isolation of stereopure trans compound (AE) 3 (Fig. 1) . First of all, the imine derivative 1 was synthesized by condensation of 4-methoxybenzaldehyde and aniline. Conversion of homophthalic anhydride 2 with 1 in conc. HOAc gave a diastereomeric cis/trans mixture, which was completely converted to the pure trans enantiomers by treatment with 8 M NaOH solution. The cis/trans isomers can be differentiated by the proton-coupling constants J AB between H-3 and H-4, being J AB 1.5 Hz for the trans compounds and J AB 6.0 Hz for the cis isomers.
To prevent epimerization during subsequent synthesis steps, e.g. an amide formation, the isosteric substitution of the acidic proton H-4 by a fluorine atom was investigated (Fig. 2) . First, the carboxylic acid (AE) 3 was protected by tert-butyl ester to obtain the ester (AE) 4 (Takeda et al., 1994) . Fluorination to (AE) 5 was achieved by deprotonation with lithiumbis(trimethylsilyl)amide (LiHMDS) and addition of N-fluorobenzenesulfonimide (NFSI) (Differding & Ofner, 1991; Davis et al., 1995) . Finally, the fluorinated product was deprotected
Supramolecular features
In the crystal, molecules are linked by an O-HÁ Á ÁO hydrogen bond, between the carboxylic OH group (OH14) and amide oxygen atom (O11), forming chains propagating along the a- Synthesis scheme to obtain the trans-isomer (AE) 3. Reagents and conditions: (a) EtOH, r.t., 3 h; (b) homophthalic anhydride (2), conc. HOAc, 393 K, 5 h; EtOH, 8 M NaOH, r.t., 24 h.
Figure 3
The molecular structure of compound (AE) 6, with atom labelling and 50% probability displacement ellipsoids. Table 1 Hydrogen-bond geometry (Å , ). 
axis direction (Fig. 4 and Table 1 ). The chains are linked by C-HÁ Á ÁF hydrogen bonds, forming layers parallel to the ab plane ( Fig. 4 and Table 1 ). Individual chains are homo-chiral, with adjacent molecules related by translation only. It is interesting that carboxylate inversion dimers are not observed. It is supposed that the formation of such dimers is hindered by the quite strong FÁ Á Á H interactions, causing a fixed arrangement between the chain layers.
Synthesis and crystallization
The synthesis of the title compound, (AE) 6, is outlined in Figs. 1 and 2. 1-(4-Methoxyphenyl)-N-phenylmethanimine (1): Synthesized according to the procedure reported by Torregrosa et al. (2005) . The imine was prepared by condensation of 4-methoxybenzaldehyde (5.00 g, 36.7 mmol) and aniline (3.40 ml, 36.7 mmol) in EtOH (20 ml) at room temperature to obtain colourless crystals (yield 7.20 g, 34.0 mmol, 92%). The NMR spectra and melting point corresponds to reported data (Torregrosa et al., 2005) .
trans-3-(4-Methoxyphenyl)-1-oxo-2-phenyl-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid, (AE) 3: Synthesized according to the procedure reported by Guy et al. (2013) . Homophthalic anhydride (3.50 g, 21.5 mmol) was dissolved in conc. HOAc, 1 (6.00 g, 28.4 mmol) was added and the reaction mixture stirred for 4 h at 393 K. Afterwards, the mixture was adjusted to neutral pH value with NaOH solution and extracted with CHCl 3 , the organic phase dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by silica gel chromatography (CHCl 3 /EtOH/FA 10/0.3/0.1) to isolate mixture of cis/trans-diastereomers. The solid was dissolved in EtOH (10 ml), 8 M NaOH solution (2.30 ml) was added and the reaction mixture stirred for 24 h at room temperature. After adjusting the pH value to acidic conditions, the mixture was extracted with CHCl 3 , dried over Na 2 SO 4 and concentrated in vacuo to obtain a racemic mixture of transenantiomers as a colourless amorphous solid (yield 6.50 g, 17.3 mmol, 77%; m.p. 443-444 K 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR 1723 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1602 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1510 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1491 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1462 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1247 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1172 174.5, 163.7, 159.4, 142.2, 132.7, 132.2, 130.9, 129.6, 129.5, 129.1, 128.8, 128.6, 127.7 (2C), 127.3, 126.9, 114.3 (2C), 64.4, 55.3, 51.6. IR , 1027 
tert-Butyl-trans-3-(4-methoxyphenyl)-1-oxo-2-phenyl-1,2,3,4-tetrahydroisoquinoline-4-carboxylate, (AE) 4: 2.50 g of 3 (6.70 mmol) were dissolved in abs. THF (70 ml). After the addition of di-tert-butyldicarbonate (1.40 ml, 6.00 mmol) and DMAP (81.5 mg, 0.70 mmol) the reaction mixture stirred for 24 h at room temperature. Afterwards the reaction was quenched with water (100 ml), extracted with CHCl 3 , dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by MPLC (petroleum ether/EtOAc 1/0 to 0/1) to isolate 4 as a colourless amorphous solid (yield 1.60 g, 3.70 mmol, 55%; m.p. 421-422 K). 
13
C NMR (CDCl 3 , 100 MHz): 169.9, 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR 2975 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1730 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1661 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1510 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1399 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1300 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1244 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1139 163.5, 159.2, 142.6, 133.4, 132.3, 131.6, 129.6, 129.4, 129.0, 128.4, 128.3, 127.7 (2C), 126.9, 126.6, 114.2 (2C), 82.5, 64.7, 55.3, 53.2, 28.0. IR , 1028 
tert-Butyl-cis-4-fluoro-3-(4-lethoxyphenyl)-1-oxo-2-phenyl-1,2,3,4-tetrahydroisoquinoline-4-carboxylate, (AE) 5: 500 mg of compound 4 (1.20 mmol) were dissolved in abs. THF (38 ml) under an argon atmosphere and cooled to 301 K. After the addition of 1 M LiHMDS solution (1.40 ml, 1.40 mmol), the mixture was stirred for 1 h while cooling. Afterwards, NFSI (511 mg, 1.60 mmol) was added and the mixture stirred for a further 30 min at 301 K and then 40 h at room temperature. The reaction mixture was extracted with CHCl 3 , dried over Na 2 SO 4 and concentrated in vacuo. The crude product was purified by MPLC (petroleum ether/EtOAc 1/0 to 0/1) to isolate (AE) 5 as colourless crystals (yield 320 mg, 0.70 mmol, 62%; m.p. 452-453 K). A view along the c axis of the crystal packing of compound (AE) 6, with hydrogen bonds drawn as dashed lines (see Table 1 ). For clarity, only H atoms H14 and H23C (grey balls) have been included. . Synthesis of the title compound: cis-4-fluoro-3-(4-methoxyphenyl)-1-oxo-2-phenyl-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid, (AE) 6: 68.5 mg of 5 (0.20 mmol) were dissolved in CH 3 CN (1.2 ml), 85% (w/w) H 3 PO 4 (86.5 ml, 0.80 mmol) was added and the mixture stirred at 323 K for 4 d. Afterwards, the mixture was extracted with CHCl 3 , dried over Na 2 SO 4 and concentrated in vacuo. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . The H atoms were included in calculated positions and treated as riding: O-H = 0.84 Å , C-H = 0.95-1.00 Å with U iso (H) = 1.5U eq (O-hydroxyl,C-methyl) and 1.2U eq (C) for other H atoms.
Acta Cryst. (2017). E73, 867-870 research communications Extinction coefficient: 0.0347 (17) Special details Experimental. The crystal was immersed in a film of perfluoropolyether oil, mounted on a polyimide microloop (MicroMounts of MiTeGen) and transferred to stream of cold nitrogen (Bruker Kryoflex2) . Melting points were determined on a Melting point meter MPM-H2 (Schorpp Geraetetechnik, Ueberlingen, Germany) and were not corrected. IR spectra were obtained using a JASCO FT/IR-6100 spectrometer (JASCO, Gross-Umstadt, Germany). TLC was performed on pre-coated aluminium sheets with silica gel 60 F 254 (Macherey-Nagel, Dueren, Germany (Gottlieb et al., 1997) ). NMR signals are specified as s (singlet), d (doublet), m (multiplet). Coupling constants J are given in Hz. Medium pressure liquid chromatography (MPLC) was performed on puriFlash ® 430 system (Interchim, Montluçon, France) using pre-packed silica gel 50 µ columns from Interchim (Montluçon, France). MS data were obtained using an Agilent 1100 Series LC/MSD Trap (Agilent Technologies, Boeblingen, Germany). Commercial available chemicals were used without further purification. Gottlieb, H. E., Kotlyar, V. & Nudelman, A. (1997) . J. Org. Chem. 62, 7512-7515. Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

